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Motivation: Interaction of Atmosphere and Ocean in NPOCE
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Global Walker Circulation and Sea Surface Temperature
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N =34 El Niho, La Nina, and Normal Time Intervals

N=-o2 (NOAA ONI Nifio3.4 SSTA v4)
Year | DIF | JFM [FMA [MAM| AM3 | M33 | 3JA | JAS [ASO [SON |OND | ND3
1997[-0.5[-0.4[-0.2| 0.1 [0.6 [ 1.0 [ 1.4 | 1.7 [ 2.0 | 2.2 [ 2.3 | 2.3 | Super El Nifio 1
1998| 2.1 (1.8 (1.4 [1.0] 0.5 [-0.1[-0.7|-1.0[-1.2[-1.2[-1.3[-1.4
1999|-1.4|-1.2|-1.0(-0.9]-0.9 [-1.0[-1.0[-1.0 [-1.1 [-1.2 [-1.4 [-1.6 | La Nifa 1
2000(-1.6 [-1.4|-1.1[-0.9(-0.7[-0.7 [-0.6 [-0.5 [-0.6 [ -0.7 | -0.8 | -0.8 5°N
S001[-07 0.6 05 03103 01T 6 (0101l 0s 03003 . Nino34Region
2002[-0.2[-0.1{ 0.1 [ 0.2 04 [0.7[0.8[0.9 [1.0 [1.2[1.3[1.1] g pnino] 170°W 120°W
2003/ 0.9 (0.6 |04 0 [-02[-0.1]0.1 020304 04]04
2004/ 03 (02010102 ]03]05[0.7]0.7]0.7]0.7]0.7 - — ,
2005/ 06 |06 |05|05|04|02|01] 0 | 0 |-0.1|-04]-0.7 =i Nino 2 El Nifo Intensity
2006|-0.7[-0.6[-0.4[-0.2[/ 0.0 |0.1 [ 0.2 0.3 ][0.5]0.8]0.9] 1.0 ElINifo3 SSTA (°C)
2007/ 0.7 (03| 0 [-0.1[-0.2[-0.2[-0.3[-0.6[-0.8]-1.1[-1.2[-1.3 LaNina2 |Weak 05-1.0
2008[-1.4|-1.3[-1.1|-0.9[-0.7 [-0.5 [ -0.3 | -0.2 | -0.2 [ -0.3 | -0.5 | -0.7
2009/-08[-0.7[-04[-0.1[0.2 [04 [0.5[0.6[0.7 [10[12[13 _ . zltoderate 1]05'1250
2010/ 1.3 /1.1 (0.8 /05[] 0 [-04[-08]-1.1]-1.3]-1.4]-1.3]-1.4 "~ " rong D - 4.
2011|-1.3|-1.1/-0.8/-0.6|-0.3|-0.2 | -0.3 |-0.5({-0.7 |-0.9[-0.9 [-0.8 |~ \.-” Super >2.0
2012(-0.7[-0.6[-0.5[-0.4[-0.3[-0.1]/0.1 [03 |04 [04 [02[-0.2
2013|-0.4|-0.5|-0.3[-0.2[-0.2[-0.2[-0.2[-0.2[-0.2[-0.2[-0.2]-0.3
2014-0.5-0.6 [-0.4 [-0.2| © 0 0 o0 [02]0406]06
2015/ 05 |04 [0.5][0.7[09 1012|1518 212223 —

Super EIl Nino 2

2016/ 2.2 |19 |1.5|1.1]| 0.6 | 0.2

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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Methodology Zonal Wind in 4 EI Niﬁo and 4 La Nina Events
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Similarity of each El Nino event in Pacific and Atlantic
Similarity of each La Nina event in Pacific and Atantic
Zonal wind collapse in west Pacific in each El Nino event




< Zonal Wind Speed > During 4 El Nino Events and 4 La Nina Events
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Uwestward < Uwestward in west Pacific by 3 m s

Uwestward max was > 35° longitude to the west of Uwestward max (indicating an
eastward movement of surface limb of Walker Cell in El Nino compared to La Ninha)
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Uwestward > Uwestward in east Pacific by 1 m s
@ U is independent of El Nino or La Nina
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< Zonal Wind Speed > and < Thermocline Depth>
in 4 El Ninho Events and 4 La Niha Events
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Westward wind speed west of 60°E and
eastward wind direction east of 60°E

Ug nino < UL nina 1IN West Pacific by 3 m s
Ug nino > UL ning 1N €ast Pacific by 1 m s
U is independent of El Nino or La Niha
Stronger La Nina eastward wind should
produce more downwelling & deeper
thermocline

Weaker El Nino westward wind should
produce less downwelling at western
boundary and shallower thermocline
Stronger El Nino westward wind in east
Pacific [3] should produce more upwelling
and shallower thermocline compared to La
Nina — not observed

Westward wind speed should produce
downwelling in west Atlantic and a deeper
thermocline compared to east Atlantic



Zonal Wind Speed in 1997 1998 and 2015-2016 Super El Niho Events
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Surface and Upper Troposphere Zonal Wind Speeds
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<4 Typical El Nino Events>
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<May 1997 — May 1998>

In west Pacific, weaker
vertical shear in El Nifo
would produce larger number
of tropical storms (in NPOCE
region). In 2015, 27 tropical
storms, 18 typhoons, and 9
super typhoons occurred in
west Pacific. [other years]

Weakest vertical shear in west
Pacific occurred in super El
Nifo

Walker Cell was stronger in

La Nina than in El Niho



Summary

o Zonal Surface Wind

> In west Pacific, westward surface wind collapsed in all ElI Nifho events
o Wind collapse was strongest in 6-month onset phase of super El Nifio events
o In super El Nino events, wind collapse extended to 165°W
> In central and east Pacific, westward wind weaker in super El Nino compared to typical El Nino
> In west Pacific, westward wind was 3 m s-' smaller in El Nifio compared to La Niia
> In east Pacific, westward wind was 1 m s-' larger in El Nifio compared to La Nifia [puzzling]
> In the Atlantic, no evidence of El Nino and La Nina events

* Thermocline Depth
> In west Pacific, thermocline depth in El Nifo consistent with downwelling at Maritime Continent
> In east Pacific, thermocline depth in El Nifio not consistent with Ekman upwelling [puzzling]

« Zonal Surface and Upper Troposphere Winds
» Pacific Walker Circulation Cell shifted east about 40° longitude in El Nino compared to La Nina
» Fewer typhoons in west Pacific in EI Nino compared to La Niina [to be confirmed]



Suggestions for Additional Research

« Use Numerical Weather Prediction Analyses (e.g., ECMWF and CMA Reanalysis)

» Compare results obtained with satellite-derived surface and upper troposphere winds
» Use NWP data to extend results to super El Niino event of April 1982 — June 1983
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Super El Nino Event in
April 1982 — June 1983,
when maximum ONI SSTA
was 2.1°C in Nov 1982, Dec
1982 and Jan 1983

Only 3 super EIl Niiho
events occurred since 1950

* Analyze satellite and NWP meridional and zonal wind components in 1997 — 2016

in NPOCE domain
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